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Abstract - An b n.m.r. study of (+)wcarine 1 in deuterium oxide 
solution shows thattbatccmformaticm~is higUy favoured for the 
exocyclic C(5)-C(6) bcmd. Ring proton coupling ccnstants can be 
accounted for cm the basis of rapidly intercawerting puckered forms 
largely favouring the C(4)* conformation. 

Muscarine 1 has played a central role in neurc- 

pharmacology because of its strcmg and specific 

cholinanimatic activity. ’ Thishasgenerated 

aansiderable interest in its conformation. 2 

The crystal structure of (+)-muscarineiadide3 

Hears aclose rexmblance tothatoflactoyl- 

choline chloride4 and to the preferred ccn- 

formation of acetylcholinein solution. %here 

is no informati~ cn the solution ccnformati0n 

of nnzxarine except for an lH n.m.r. n.0.e. 

investigation of the ccmformation akzc& the 

C(5)-C(6) bcnd.6 Nehavencwcarriedout 

such a St&y using %I n.m.r. data cm D20 

solutions of pure (+)-muscarine chloride,' 

essentially by utilising the close structure 

similaritywith 2'-decxynucleosides 2. There 

ismchwxk, bothin theN- andC-nucleoside 

series cntiichtodraw. 
8-13 

1. 2. 

The chwicalshiftdatawereobtainedusing 
aVarianXLlCX3spectraneter at loOb%-Is and are 

collected in Table 1. Line assigmnantswere 

made by decoupling studies and the coupling 

constants are given in Table 2. 

Table 1 Proton Chemical Shifts (6) (p~m)~ for 
(+)muscarine chloride 

H-2 H-3 H-4' H-4 H-5 H-6' H-6 Me b3 

3.9ob 3.93 1.84 1.96 4.49 3.30 3.46 1.07 3.04 

a Measured at 20' in D 0 solution with 
acet onitrile as inter&standard; inthecase 
of geminal protons, that rescmating at higher 
field is designated with a prima. 

b Approximate value. 

Table 2 Coupling &m&ants (Hz) for (+)- 
iiiiEG&e chloride 

J1,2 J2,3 J3,4' J3,4 J4',4 J4',5 J4,5 

6.8 3.0 5.2 2.4 14.0 9.2 7.0 

J5,6' J5,6 J6',6 
8.3 3.0 13.5 
We consider first the rotmnsr preference 

tit the C(S)-C(6) lxmd in 1. Established 

procedures are available for analysing the 

ccnfonnaticnal preferences abut the C(4'1-C 

(5') bend innuclecsides andnuclectides, 

using J4,,5, and J4,,5 glvalues.12'13 Following 

thisworkwautilise corresponding quaticns 
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l- 3to analyse themuscarine system in terms 

of the populations (p) of T three staggered 

ccmformars 3, 4 and 5 (X = N&,). 

J; 6 = p+J; + paJ; + P-J: (1) , 
2 

JS,6 = p+Jf + paJ; + P-J! (2) 

1 = P+ + Pa + P_ (3) 

I----- #----- r----# 

g+ t cl- 

3. 5. 
The evaluation of p+,p, and p_ depends on the 

specific assignsent of the observed coupling 

axrstants to particular methylene protans. 

Folltig the corresponding assignments for 

nucleosides and nucleotides 8,12, J 
59 and 

Jg 6, are assigned respectively to J5 6 and 

J:'6. For muscarine J+ and Ja values'were 

cb&.ned fran the mxlel qunds 6 and 714'15 

asstig a negligible electrcmegativity 

difference between N' and N (Jt, 

J;, 2.1; J;, 

4.8; Jf, 1.3; 

11.2). The J-values ware 

evaluated as for nucleosides l2 byusing 

6. 7. 
the expressions of Abraham and Gatti,16 for 
disubstituted ethanes, assuming a negligible 

electrcnegativity difference between C and H 

(J1, 12.4; J2, 5.4). 

The conformation populations cbtainedby 

this analysis are given in Table 3. There is 

evidently a strong preference for muscarine to 

exist in the t ccnforsmticm (4), anfirming 

Table 3 Conformer pcpulatians about the C(5)- 
C(6) bond in muscarine 

p+ pa P- 

0.04 0.88 0.08 

the earlier conclusion fran n.0.e. studies by 

de Fataineet.6 This is in line, too, 

with the crystal structure, also in the 

synclinal conformation, where the CCCN torsicm 

angle is 73 
03 . Nottali, Lambert and I&singer 

have shown that a 5'-mninc-5'-deoqnucleoside 

has the sams ccmformaticn (4; X = NH2) about 

the C(4')-C(5') bcnd.17 This is inmarked 

contrast to the nucleosides and 5'-nucleotides 

which virtually exclusively have the g+ con- 

formation as in (3: X = OH or 0F03H2). 

It is noteworthy that in the n.m.r. spec- 

tnnnofmuscarine the H-5 resonance is shifted 

markedly dcwnfield canpared with the H-4' 

resonance in nucleosides. The deshielding is 

presumably due to the magnetic anisotropic 

effect induced by the positive charge, 
15 

or to 

steric canpressicm by the large trimathyl- 

mmrmio group in this conformation. l8 The H-5 

rescnance alcPle is broadened due to a 

relatively large NCCH coupling. 
15 

In the crystal, the 5-mgnber edringof 

muscarine exists in a C(4)-*,4E, confor- 

mation, but no information is available on the 

soluticn conformation. Generally speaking 

tetrahydrofuran rings exist in dynamic 

equilibria between two favoured puckered 

ccnformaticms andAltona and Sundralingam 

intraduced a pseudorotational analysis whereby 

the 5lnembered ring ccmformaticn could be 

calculated fran observed vicinal coupling 

oonstants. The observed ribo-nucleoside and 

-nucleotide spectra were interpreted in terms 

of two ring conformers (C(2')-endo and C(3')- 

endo). With an electrcnegativity correctian 

(1.1 Hz) to cuqxnsate for the replacgnent of 

OH by H at C(2') the method was extended to the 

2'-deoxyribosyl derivatives. Davies and 

Danylukll derived the relation 4 by a related 

schesra inwhichXS andXN are themle 

fractions of the C(Z')-endo and C(3')-endo can- 

formars respectively and shu+ed that the 

eguilibriun values for a series of deoxy- 

nucleosides 2 agreed well with those derived by 

a complete pseudorotaticmal analysis. Before 

analysing the coupling constants of the ring 

protons 

K 
eq = XS/XN = J1,,2,/J3, 4t (4) I 

of muscarine it is necessary to assign the 4- 

and 4'-signals. Follcwing the argumant of 

Davies andDanyluk 
11 

based cn coupling constant 

magnitudes, the high field signal H-4' was 

assigned to 4 (8). 



The conformation of (t)-muscarine in solution 

psewtorial. 
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